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Thyroid cancers detected by screening irradiated individuals
are often small and of uncertain clinical significance. We ret-
rospectively analyzed the effect of screening in a cohort of
4296 individuals exposed to radiation as children in the 1940s
and 1950s and followed by us from 1974 until the present. We
compared the thyroid cancers diagnosed before 1974 (122
cases, routine care) with the cancers found in subjects
screened by us after 1974 (172 cases, screened), using cancer
recurrence as the end point. Screening included a thyroid
scan or, more recently, thyroid ultrasound. As expected, many
of the cancers found by screening were very small (52% were
<10 mm), but the range of tumor sizes overlapped those found
by routine care. The recurrence rate was significantly lower
in the cases found by screening, but when the comparison was
limited to cancers 10 mm or larger, no difference in the re-
currence rates was seen. This would suggest that the lower

recurrence rate observed for small thyroid cancers detected
at screening was due to earlier diagnosis rather than more
effective treatment. By univariate analysis, four factors were
associated with an increased risk of recurrence of small (<10
mm) thyroid cancers: short latency (i.e. a shorter time interval
between the radiation exposure and the first thyroid surgery),
lymph node metastases present at diagnosis, multifocal can-
cers, and higher radiation dose. In a multivariate analysis
combining the four risk factors, only short latency was sig-
nificant. As thyroid cancers that escape detection by routine
means should be diagnosed at screening, and both large and
small thyroid cancers have the potential to recur, screening
may be of value, but only if groups with a sufficiently high
prevalence of thyroid cancer can be identified to offset the
adverse effects of unnecessary treatment due to false positive
results. (J Clin Endocrinol Metab 86: 3711–3716, 2001)

IT IS WELL known that exposure to external radiation for
therapeutic purposes, particularly during childhood for

benign head and neck conditions, is associated with an en-
hanced risk of thyroid cancer (1–4). It has been estimated that
in the U.S. there are over 1 million individuals who received
such exposure. The association with internal 131I exposure is
less clear; however, studies conducted after the Chernobyl
accident indicate that childhood exposure increases the in-
cidence of thyroid cancer (5–7). As a result of the accident, an
entire population in a large geographic area was placed at
risk. These findings have increased concern among other
people who have lived in the vicinity of nuclear facilities or
atomic weapons testing grounds because iodine isotopes
were released into the atmosphere. Radiation doses to the
thyroid resulting from the U.S. atomic weapons tests were
high for milk-drinking young children who lived near the
Nevada test site in the early 1950s (8).

These exposures have raised an important public health
issue regarding the medical value of screening for thyroid
disease, particularly nodular disease (9). The goal of the work
described here is to evaluate thyroid screening in an irradi-
ated cohort and the clinical behavior of small cancers de-
tected by screening.

Subjects and Methods
Radiation-exposed cohort

Between the years 1939 and 1962, 4296 patients, less than 16 yr of age,
received radiation treatments for benign conditions in the head and neck
area at Michael Reese Hospital (Chicago, IL). Prior publications describe

this cohort and the clinical observations that have been made (3, 10). The
medical records of these patients were located, and a screening or fol-
low-up program was initiated in 1974. At that time, an effort was made
to contact all irradiated patients. When contacted, the individuals were
notified of the radiation exposure, and a detailed medical history with
emphasis on thyroid diseases was obtained. They were invited to Mi-
chael Reese Hospital for clinical evaluation, which included a physical
examination of the head and neck area and thyroid imaging. The im-
aging was, until recently, a thyroid scan using 99mTc-pertechnetate and
a pinhole collimator; since 1993 ultrasound has been used. When ab-
normalities were detected, the subjects were referred to their own phy-
sicians. Follow-up information was obtained by subsequent correspon-
dence and/or visits to the program. If thyroid surgery was performed,
surgical and pathology reports as well as histological slides were re-
viewed when possible. During the course of this follow-up, the histo-
logical classification of well differentiated thyroid cancer changed (11).
As the slides for most of the cases had been returned to the original
institutions, cancers were reclassified based on medical records. Mixed
papillary-follicular cancers were reclassified as papillary cancer. Follic-
ular cancers were reclassified as follicular variant of papillary carcinoma
when the original pathologist or our reviewing pathologist mentioned
the presence of nuclear inclusions. Other follicular cancers were not
reclassified because insufficient information was available from the re-
ports, and pathology slides could not be reviewed. There were no med-
ullary or anaplastic carcinomas or thyroid lymphomas.

Study groups and comparisons

To date, 382 individuals in the exposed cohort have been diagnosed
with thyroid cancer. Two groups of thyroid cancer patients are com-
pared in this report. The first had thyroid cancers detected before the
beginning of the screening program, i.e. before 1974 and is referred to
as the routine group (n � 122). The second had thyroid cancers diag-
nosed after 1974 as part of a Michael Reese Hospital screening program
and is referred to as the screened group (n � 172). Another 88 cases of
thyroid cancer, diagnosed after 1974 outside of Michael Reese Hospital,
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are not included in the comparison of the routine with screened group,
but are included in the analysis of the behavior of small thyroid cancers
(see below).

Each case of thyroid cancer was characterized by sex (female � 1,
male � 2), age at radiation treatment (years), radiation dose to the
thyroid (Gy, gray), age at time of thyroid cancer surgery (years), and
latency (time from radiation treatment to first surgery) as well as the
pathological findings at the time of the initial surgery [tumor size (mil-
limeters), lymph node involvement (absent � 0, present � 1), bilaterality
(unilateral � 1, bilateral � 2), invasiveness (none � 0, into capsule � 1,
into soft tissues � 2), multifocality (unifocal � 1, multifocal � 2)], the
initial treatment [extent of surgery (� 50% removed � 1, �50% re-
moved � 2), use of radioactive iodine for completion (not used � 0,
used � 1)], and subsequent evidence of recurrence (yes/no). The size of
the thyroid cancer was taken as the largest dimension of the largest
intrathyroidal focus of the cancer. Cancers less than 10 mm were clas-
sified as small.

Recurrences of thyroid cancer that were confirmed by surgery were
reviewed as described above. Other recurrences were detected by 131I
scans. Focal uptake outside the thyroid bed and/or uptake in the thyroid
bed after ablative (�75 mCi) treatment was considered confirmation of
recurrence.

Statistical analysis

Statistical analyses of between-group comparisons for discrete vari-
ables were carried out by �2 analysis, and those for continuous variables
were performed using t test. Recurrences were analyzed by Kaplan-
Meier plots and were compared using the log-rank test (12). A difference
at the level of P � 0.05 was considered significant. Univariate and
multivariate comparisons of recurrences between groups were carried
out by the proportional hazards method of Cox (13). For each covariate
the estimate of the relative risk and its 95% confidence interval were
determined. When the confidence interval excluded 1.0, the risk was
considered significant. The analyses were implemented using NCSS 6.0
(Kaysville, UT), SigmaPlot 4.0 (SPSS, Inc., Chicago, IL) for the Kaplan
Meier plots and Epicure (14) for univariate and multivariate propor-
tional hazards analyses.

Results
Effects of screening

The characteristics of the 122 thyroid cancers in the routine
group and the 172 in the screened group are summarized in
Table 1. Before the initiation of screening more of the cancers
occurred in women (54.1%); afterward more occurred in men
(60.5%). This represented a shift toward the gender compo-
sition of the total cohort (�55% of the cohort are men). The
ages at first radiation treatment and the thyroid doses were
very similar in the two groups. Age at cancer surgery and
latency were greater in the screened group, because, by de-
sign, all of their cancers were diagnosed in 1974 and later.

The thyroid cancers in the routine group were larger, in-
volved lymph nodes, and were bilateral, invasive, and mul-
tifocal more often than in the screened group. However, only
the difference in lymph node involvement was statistically
significant. The extent of surgery and the use of radioactive
iodine for completion were significantly greater in the
screened group than in the routine group. Presumably, the
history of radiation exposure, which was not appreciated at
the time of surgery for most of patients in the routine group,
influenced the treatment decisions in the screened group.

A frequency histogram of the sizes of the thyroid cancers
in the routine and screened groups and the sizes of the
thyroid cancers that subsequently recurred are shown in Fig.
1. Over 50% of the screened patients had small cancers (�10
mm), and almost all of these did not recur. Recurrences were
more frequent in the routine group compared with the

screened group (Fig. 2, upper panel). The plots separated at
about 3 yr after surgery and continued to diverge so that 24
yr after surgery, slightly over 85% of the patients diagnosed
at screening had not developed a recurrence, whereas only
72% of the routine group remained recurrence free.

To determine to what extent the small cancers account for
the apparently more favorable outcome in screened cases, the
recurrence-free survival was analyzed for cancers 10 mm or
larger (Fig. 2, lower panel). When only these larger cancers
were considered, very little difference between the screened
and routine groups was observed.

Behavior of small (�10 mm) thyroid cancers

Among the 382 thyroid cancers, tumor size of the original
cancer was not available for 31 cases. Among the remaining

TABLE 1. Characteristics of thyroid cancers detected by routine
care (�1974) and by screening (�1974)

Routine Screened

Demographic characteristics
No. of subjects 122 172
Male (%)a 45.9 60.5
Age at radiation treatment (yr) 3.8 � 2.5 3.7 � 2.6
Thyroid dose (Gy) 0.74 � 0.55 0.62 � 0.33
Age at cancer surgery (yr) 22.9 � 7.4 34.4 � 7.2
Latency (yr) 19.1 � 6.8 30.7 � 6.2

Pathological characteristics
Size (mm) 18.9 � 12.5 9.3 � 8.0
Lymph node involvement (%)a 55.0 24.3
Bilateral (%) 29.2 26.3
Invasion (capsule and soft tissue; %) 32.4 24.3
Multifocal (%) 62.3 51.2
Histology (% papillary) 93.0 93.5

Treatment characteristics
Extent of surgery (�50% removed; %)a 66.1 81.8
Radioactive iodine for completion (%)a 20.5 37.2

For each continuous variable, �1 SD is shown. The following data
were unavailable: thyroid dose in 8 of the routine and 17 of the
screened patients, size in 15 of the routine and 6 of the screened
patients, lymph node involvement in 11 of the routine and 3 of
the screened patients; bilaterality in 16 of the routine and 5 of the
screened patients, invasiveness in 11 of the routine and 3 of
the screened patients, multicentricity in 16 of the routine and 4 of the
screened patients, histology in 8 of the routine and 3 of the screened
patients, and extent of surgery in 4 of the routine and 2 of the screened
patients.

a P � 0.05, by �2 analysis.

FIG. 1. Frequency histogram of the sizes of the thyroid cancers ini-
tially detected by routine care (left) and screening (right). The black
portion of each bar represents the cancers that recurred.
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351 cases, 151 of the original cancers were less than 10 mm
in greatest dimension. One cancer was found at autopsy, and
no follow-up information was available for another, leaving
149 small cancers available for analysis.

The frequency of recurrence among the 149 subjects with
small thyroid cancers was significantly less (P � 0.0005) than
that in the subjects with larger thyroid cancers (Fig. 3). In
total, only 11 of the 149 cases recurred, all in patients with
papillary thyroid cancer. A comparison of the characteristics
of the patients with and without recurrences revealed several
potentially explanatory factors, although due to the small
number of recurrences, few were statistically significant (Ta-
ble 2). The individuals with recurrence had received a larger
dose of radiation to the thyroid, and their cancers occurred
at an earlier age and after a shorter latency (the latter reaching
statistical significance). Recurrences were more frequent in
cases with lymph node involvement, bilateral involvement,
multifocal involvement, and invasion (with lymph node in-
volvement reaching statistical significance). Recurrences
were not associated with the extent of surgery or the use of
radioactive iodine for completion. Table 3 shows the clinical

findings in the 11 recurrent cases. At last follow-up (mean,
16.2 yr; range, 2.4–42.1 yr), none had known residual thyroid
cancer or had died of thyroid cancer.

To determine the magnitude of the risk factors for recur-
rence taking into account individual lengths of follow-up,
univariate proportional hazards analyses were performed
(Table 4). Among the cancers larger than 10 mm, size was the
only significant factor, whereas several factors were signif-

FIG. 2. Recurrence-free survival in patients whose thyroid cancers
were originally detected by routine care compared with those detected
by screening (as defined in Subjects and Methods). The top panel
shows recurrence-free survival, by Kaplan-Meier plots, for thyroid
cancers regardless of their original size. The lower panel shows re-
currence-free survival for the larger thyroid cancers (original size,
�10 mm). The difference between the two groups in the upper panel
was significant (P � 0.02).

FIG. 3. Recurrences of thyroid cancer according to the size of the
original cancer. The difference between the less than 10-mm and the
10-mm or larger cancers was significant (P � 0.005).

TABLE 2. Comparison of the characteristics of the subjects with
small (�10 mm) thyroid cancers at initial diagnosis with and
without recurrence

No recurrence Recurrence

General characteristics
No. of subjects 138 11
Male (%) 55.1 45.5
Age at radiation treatment (yr) 3.9 � 2.8 3.8 � 2.0
Thyroid dose (Gy) 0.63 � 0.29 1.05 � 1.06
Age at cancer surgery (yr) 34.5 � 7.7 27.7 � 8.1
Latency (yr)a 30.6 � 7.0 23.9 � 8.2

Pathological characteristics
Size (mm) 3.6 � 2.8 4.3 � 3.3
Lymph node involvement (%)a 19.6 50.0
Bilateral (%) 13.6 30.0
Invasion (capsule and soft

tissue) (%)
7.3 18.2

Multifocal (%) 41.0 70.0
Histology (% papillary) 96.6 100

Treatment characteristics
Extent of surgery (�50%

removed) (%)
70.3 72.7

RAI for completion (%) 25.7 36.4

The following data were unavailable: thyroid dose in 13 patients
without and 1 patient with recurrence, lymph node involvement in 1
patient with recurrence, bilaterality in 6 patients without and 1 pa-
tient with recurrence, invasiveness in 1 patient without recurrence,
and multicentricity in 4 patients without and 1 patient with recur-
rence.

a P � 0.05, by t test or �2 analysis.

Bucci et al. • Thyroid Cancer Screening The Journal of Clinical Endocrinology & Metabolism, August 2001, 86(8):3711–3716 3713



icantly related to recurrences in the small cancers. Among the
general characteristics of the population, higher dose,
younger age at cancer surgery, shorter latency, and detection
by routine care were significant predictors of recurrence.
When the latter three highly correlated time-dependent vari-
ables (latency, age at cancer surgery, and detection by routine
care vs. screening) were analyzed together, latency was the
dominant factor and was used in the multivariate analyses.
Among the pathological characteristics, lymph node involve-
ment and multifocal involvement were significant predictors
of recurrence. In a multivariate analysis (Table 5) of the
general characteristics, dose and latency remained signifi-
cant factors. In a multivariate analysis of the two pathological
characteristics, neither was significant. When the four char-
acteristics were analyzed, only latency was a significant risk
factor for the recurrence of small thyroid cancers. The esti-
mated relative risk for latency was very similar in the uni-
variate and multivariate analyses. The final multivariate
analysis indicates that the risk of recurrence falls by about
14% for each year separating the radiation exposure from the
first thyroid cancer surgery.

Discussion

In this paper we examined the behavior of small thyroid
cancers and whether the clinical outcomes for thyroid cancer
are improved by screening. The findings demonstrate again
that many radiation-related thyroid cancers are not diag-
nosed during routine medical care, but are discovered by
screening (10). Early detection by screening appeared to im-
prove the outcome by reducing the frequency of recurrence

TABLE 4. Relative risks for recurrence of thyroid cancers by
cancer size at initial diagnosis

Cancer size

�10 mm (n � 149) �10 mm (n � 200)

General characteristics
Sex (female) 0.87 (0.31;2.49)a 1.35 (0.72;2.54)
Age at radiation treatment

(yr)
1.07 (0.91;1.26) 0.91 (0.78;1.04)

Thyroid dose (Gy) 2.50 (1.18;5.30) 1.10 (0.55;2.17)
Age at cancer surgery (yr) 0.88 (0.82;0.94) 0.97 (0.93;1.01)
Latency (yr) 0.88 (0.83;0.94) 0.98 (0.94;1.02)
Group (screened vs.

routine)b
0.26 (0.08;0.87) 0.81 (0.41;1.59)

Pathological characteristics
Tumor size (mm, �SD) 1.08 (0.88;1.32) 1.03 (1.01;1.06)
Lymph node involvement 3.98 (1.22;13.1) 1.61 (0.86;3.00)
Bilateral 1.97 (0.52;7.44) 1.35 (0.71;2.56)
Invasion (capsule) 2.45 (0.31;19.3) 1.28 (0.64;2.54)
Invasion (soft tissue) 2.33 (0.50;10.8) 0.84 (0.29;2.45)
Multifocal 3.82 (1.01;14.4) 1.16 (0.60;2.22)
Histology (% papillary) NDc 0.91 (0.32;2.56)

Treatment characteristics
Extent of surgery (�50%

removed; %)
0.87 (0.26;2.85) 1.50 (0.67;3.35)

RAI for completion (%) 1.22 (0.38;3.90) 1.35 (0.71;2.56)
a Relative risk (95% confidence interval) estimated using univar-

iate proportional hazards model.
b Analysis confined to the 122 individuals in the routine group and

the 172 in the screened group.
c In this category there were no recurrences after a follicular

cancer.

TABLE 3. Individual descriptions of the 11 recurrent small (�10 mm on initial diagnosis) thyroid cancers

Yr to
recurrence

Extent of
surgery

Post-op RAI
(mCi) Presentation of recurrence Confirmation Findings

0.9 R lobectomy 45 Follow-up 131I scan RAI Two areas of uptake, one in neck outside thyroid
bed, one in L perihilar mediastinum

L subtotal

2.9 R lobectomy 100 Follow-up 131I scan RAI Residual uptake in thyroid bed 30 months after
100 mCi 131I treatment

L lobectomy

3.0 R lobectomy 75 Follow-up 131I scan RAI Uptake and 0.5-cm palpable nodule in submental
region

L lobectomy

3.5 L nodulectomy None Patient noticed swelling in
anterior lower neck

Surgery Cancer in right lobe, metastatic to carotid sheath
and infrathyroidal LNs, largest 0.5 cm

3.7 R lobectomy None Follow-up 131I scans RAI Uptake in lateral left upper neck outside thyroid bed
L lobectomy

4.1 L lobectomy None Follow-up 131I scan Surgery Focal papillary carcinoma

4.3 R lobectomy None Follow-up physical
examination

Surgery Eight lymph nodes with metastatic thyroid
cancer, largest 2.5 cm

5.5 R lobectomy None Patient noticed swelling in
neck

Surgery Metastatic 4-cm right cystic mass, lateral to
thyroid

7.2 R lobectomy 30 Patient noticed mass in
right neck

Surgery Metastatic 0.8- and 1.2-cm lymph nodes on right

10.3 R subtotal None Hypercalcemia Surgery A 0.5-cm cancer in the thyroid remnant and a
2-cm metastatic mediastinal lymph node

22.1 R lobectomy None Hypercalcemia Surgery A nonencapsulated 2.5-mm thyroid cancer in the
residual thyroid gland

L subtotal
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in the screened group. However, another likely interpreta-
tion is that the clinical course of the thyroid cancers was not
altered by screening, but, rather, because the cancers were
diagnosed earlier, there appeared to be a longer time interval
before recurrences occurred (lead bias). As the clinical out-
comes for the screened and routine cases of the larger (�10
mm) thyroid cancers did not differ, the apparent benefit of
screening appears to be due in large part to the detection of
small thyroid cancers.

There are two observations, however, that indicate that
thyroid cancer screening may be of benefit. First, some large
cancers that escaped detection among persons receiving rou-
tine care were diagnosed at screening. We recently showed
that about half of ultrasound-detected thyroid nodules larger
than 15 mm were not palpable in this cohort (15). Similar to
the higher recurrence rate seen for large thyroid cancers in
nonradiation-exposed patients, in this irradiated cohort thy-
roid cancer size was the predominant risk factor for recur-
rence among the cancers that were 10 mm or larger. In ad-
dition, screening detected a large number of smaller thyroid
cancers as discussed below. They also can recur and require
further therapy.

Although many reports describe thyroid cancers found as
a result of screening, including recent reports from the Cher-
nobyl area (7), there has been very little attention to docu-
menting the potential benefits of screening compared with
routine care. The most direct attempt to evaluate thyroid
screening was carried out in Japan; Ishida et al. (16) screened
152,651 women for thyroid cancer, followed them for 7 yr,
and then screened 3,557 of them again. At the initial screen-
ing thyroid cancers were detected. When the cancers found
by screening were compared with those diagnosed in their
out-patient clinic (unscreened group), the cancers found by
screening were smaller in size and less likely to have lymph
node metastases. The cumulative 7-yr survival rate was
97.6% in the screened group compared with 90.3% in the
out-patient group. However, as reviewed by Eden et al. (17),
potential biases in the selection of the groups make it difficult
to interpret these data.

Observations by Mazzaferri and Jhiang (18) suggest that
delayed treatment of thyroid cancer is associated with in-
creased mortality. In their 30-yr follow-up study of 1355
thyroid cancer patients, they found that the likelihood of
cancer death increased as the time interval between when the
cancer became clinically evident and when it was finally

removed increased. If screening leads to prompt evaluation
and, when necessary, surgery, it is likely to have a beneficial
effect on outcome. The observations of Mazzaferri and
Jhiang, however, are limited by the fact that their analyses
were retrospective, and the reasons for the delayed surgeries
were not determined.

The value of screening can only be established definitively
by a randomized prospective study. Retrospective analyses,
such as the ones presented here, cannot be interpreted un-
ambiguously. The potential biases are especially relevant
when analyzing thyroid cancer, because most cases progress
very slowly, and some may not progress at all.

The behavior of small thyroid cancers in radiation-
exposed patients is not as well described as it is in other
patients. The data presented here highlight the similarities as
well as some differences. The frequency of recurrences was
lower among the patients with small cancers, but it was not
negligible. In some instances the recurrences of the small
cancers required further surgery.

Although it is evident that screening will detect small
thyroid cancers, it is less clear whether there is a benefit to
detecting these microcarcinomas. Microcarcinomas have a
favorable prognosis, but there have been reports of patients
who have died of their cancer. Two large studies of thyroid
microcarcinomas show that not all microcarcinomas are
cured at the time of first surgery (19, 20). Hay et al. (19)
reported follow-up of as long as 48 yr (median, 16 yr) for 400
cases of papillary thyroid microcarcinoma. There were 2
deaths due to thyroid cancer as a result of the incident can-
cers. There were a total of 27 recurrences, with a 6% cumu-
lative rate at 20 yr after the initial surgery. Most of the
recurrences were observed within 10 yr of the initial surgery.
Recurrences were associated with lymph node metastases at
the initial surgery and lobectomy as the initial procedure.
Yamashita and Noguchi (20) followed 1734 patients with
microcarcinomas for a mean interval of 11.2 yr. There were
31 recurrences (1.8%, not corrected for varying length of
follow-up), and 4 patients died of recurrent thyroid carci-
noma. They observed that invasion of metastatic thyroid
cancer through the lymph node capsule found at the time of
initial surgery was the only significant risk factor for
recurrence.

This is the first report analyzing the risk factors for recur-
rence of small thyroid cancers in irradiated patients. For the
small thyroid cancers in our cohort, four factors were found
to be associated with recurrences. 1) The increased risk of
recurrence associated with short latency may be a marker of
younger age at diagnosis, a well known risk factor for thyroid
cancer recurrence (18, 21). Because of our study design,
younger age at diagnosis, shorter latency, and discovery by
routine care were highly correlated. Short latency may also
be an indicator of inherently faster growth and earlier me-
tastasis, possibly as a result of radiation-related somatic mu-
tations. Despite this risk, mortality from thyroid cancer aris-
ing at a young age is rare. 2) The presence of metastases in
lymph nodes was a risk factor. It is included in most, but not
all, prognostic staging systems for recurrence of thyroid can-
cer (22). 3) The observation that multifocal involvement is a
risk factor for recurrence has not been made previously.
Multifocal cancers are seen frequently in radiation-related

TABLE 5. Relative risks for recurrence of small thyroid cancers

General characteristics
Latency (yr) 0.88 (0.83;0.94)
Thyroid dose (Gy) 2.12 (1.04;4.33)

Pathological characteristics
Lymph node involvement 2.81 (0.79;9.99)
Multifocal 4.39 (0.90;21.5)

Combined characteristics
Thyroid dose (Gy) 0.29 (0.00;13.9)
Latency (yr) 0.86 (0.76;0.97)
Lymph node involvement 1.56 (0.31;8.00)
Multifocal 2.68 (0.48;14.9)

Relative risks (95% confidence interval) estimated using multi-
variate proportional hazards model; small tumors are less than
10 mm.
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cases (10), and it would be expected that the possibility of
incomplete surgical removal would be increased in these
cases. Also, multicentricity may be a sign of increased sus-
ceptibility to the effects of radiation, making new primaries
more likely. 4) Why radiation dose is associated with in-
creased risk of recurrence of small thyroid cancers, an ob-
servation that has not been made previously, is not clear. It
seems likely that higher radiation exposure would increase
the possibility of new primary cancers, especially small ones.
It is possible that future work using the molecular charac-
teristics of the cancers will be able to differentiate between
cancer recurrences and new primary cancers.

In summary, the current study shows that thyroid screen-
ing of irradiated individuals identifies many small thyroid
cancers associated with a very good prognosis. Some small
cancers recur, especially those occurring with a short latency.
To the extent that small cancers are included in the evalu-
ation of a screening program, its benefits may be overesti-
mated. However, screening also detects larger cancers,
where a clinical benefit is more likely. Only a controlled
prospective study will be able to prove clinical benefit, but
the logistics of such a study make it unlikely that one will
ever be performed.
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